Microphone structure 



The invention relates in general to microphones. In particular the invention relates 
to microphones in mobile phones and their accessories. 

There is a general need to protect microphones against radio frequency (RF) 
disturbances for ensuring the proper performance of the microphones. Microphone 
of mobile phone or mobile phone accessory should furthermore be immune to RF 
disturbances at the frequencies the cellular system uses. Consider for example a 
headset accessory of a mobile phone. It has a small earpiece connected to the 
mobile phone with a wire and the microphone of the headset mounted on a stiff wire 
at suitable distance from the earpiece so that the microphone can pick up the voice 
of the user. The user may carry the mobile phone in a pocket during a call. If the 
user carries the mobile phone in a breast pocket of a shirt or a jacket, the 
microphone of a headset is very near the radio transmitter of the mobile phone. If 
the microphone is not adequately protected, it can demodulate the radio frequency 
signal, in which case the quality of audio signal may deteriorate. Furthermore, there 
is need to protect microphones against electro-static discharge (ESD). 

Electret microphone is general type of microphones used in mobile phones and 
accessories. An electret microphone contains a preamplifier, typically a field effect 
transistor (FET), and voice is converted to electrical signal by capacitance. Changes 
in the air pressure cause changes to the capacitance between a conductive plate and 
a conductive polarized foil. The conductive plate, the conductive foil, FET and 
other microphone parts, which are typically capacitors, are typically placed in side a 
microphone capsule. This capsule has typically two output contacts with which it is 
connected to external circuitry. 

Electret microphones are protected against RF disturbances and ESD in various 
ways. Figure 1 shows an example of a prior-art protection circuit. The circuit relates 
to a headset accessory of a mobile phone. In the Figure there can be seen a 
microphone capsule 100, first protection circuit 110, a transmission line 120 
between the headset accessory and mobile device, second protection circuit 130 and 
microphone amplifier 140. The microphone capsule contains an electret microphone 
Ml comprising FET Ql, which functions as preamplifier. The drain of FET is 
connected to first output contact OC1 of microphone capsule and the drain of FET 
is connected to second output contact OC2 of microphone capsule. Further the 
microphone capsule contains for RF-protection a capacitor Cll connected between 
the output contacts of microphone capsule. The capacitance of capacitor Cll is 
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small. Together with the stray inductance of capacitor it causes a series resonance at 
certain frequency band, which is arranged to including the transmitting band of the 
mobile phone in question. Then the parallel capacitor Cll attenuates disturbances 
occurring at said band. The problem here is that the RF protection works only at 
5 narrow frequency band. The layout of the microphone components on a circuit 
board inside capsule has to be done very carefully, and changes in the capacitance 
values of the capacitors, even changes within production tolerances, may cause the 
RF protection to shift out from the desired frequency band. 

The first protection circuit 110 is connected to first and second output contacts of 

10 microphone capsul. The circuit includes in succession from the microphone capsule 
a series coil LI 1 at second output contact, a parallel ESD protector VDR1, a series 
coil L12 at first output contact and a parallel capacitor C12. The capacitor C12 and 
coil L12 are for filtering disturbances. The ESD protector is in this example a 
voltage dependent resistor (VDR) or varistor. Its resistance drops shorting the 

15 circuit when a electro-static disturbance having relatively high energy arrives along 
the transmission line 120. The disadvantage of the external varistor is that it has 
some internal capacitance, which couples with the capacitance of capacitor Cll 
causing a new resonance. This may lead to RF immunity failures at some frequency 
band. For this reason there is coil Lll, e.g. a ferrite bead, in the protection circuit 

20 110. It weakens said capacitive coupling and corresponding resonance. However the 
inductance of coil Lll may cause significant resonance at certain other frequencies. 
It is possible to add a resistor Rll, instead of a coil, in series to one output 
conductor of the microphone capsule, to weaken said capacitive coupling. However 
such a resistor should be very large to sustain an ESD pulse. Small surface mounted 

25 resistors change their resistance and typically fail in ESD tests. Further adding a 
resistor between the ESD protector and the microphone may cause the microphone 
more susceptible to ESD. 

The second protection circuit 130 at the other end of headset cable is for protecting 
the actual microphone amplifier 140. The second protection circuit includes a series 
30 coil L13 and a parallel circuit forming of a capacitor C13 and a resistor R12 
connected in series. 

So in conventional design there may be several, up to ten additional components 
whose purpose is to protect the microphone from ESD and RF disturbances. The 
immunity to both ESD and RF disturbances is still inadequate. By means of 
35 additional components are overcame some problems, but at the same time arise new 
difficulties. The more components there aire in the circuit, the larger are the 
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conductive loops of circuit and correspondingly the greater the susceptibility to RF- 
disturbances. Further additional components make new resonance problems. 

The object of the invention is to present a microphone structure which is compact, 
relatively immune to radio frequency disturbances and protected against electro- 
5 static discharge. 

The basic idea of the invention is as follows: An electro- static discharge protector is 
placed close to microphone capsule, preferably inside it, between two output 
conductors of capsule. Parallel with the preamplifier there is a capacitor. Between 
this capacitor and said ESD-protector is a series resistor. The capacitor, resistor and 
10 ESD protector form a low-pass filter protecting the microphone from radio 
frequency disturbances. The filter structure may include also additional 
components. 

A microphone structure according to the invention comprises a microphone capsule, 
which has at least first and second output contact, and within said microphone 
15 capsule 

- means for converting changes in air pressure to an electrical signal, 

- preamplifier having first and second output conductor and 

- a first capacitor connected between said output conductors of the preamplifier, and 
is characterized in that it further comprises an electro-static discharge protector 

20 connected between said output contacts of microphone capsule and, within the 
microphone capsule, a first impedance in series between said first output conductor 
and said first output contact. 

The advantage of the invention is that when the ESD protector is placed just close to 
the microphone capsule or within the microphone capsule, it functions both as an 

25 ESD protector and a part of a low-pass filter. Another advantage of the invention is 
that when the disturbances are filtered within the microphone capsule, the 
conductive capsule functions as a Faraday cage enhancing the RF-immunity of the 
microphone. Further advantage of the invention is that the conductive loops of the 
protective circuit are small making the circuit less susceptible to RF disturbances. A 

30 further advantage of the invention is that for the capacitance values are allowed 
greater tolerances than in known structures. This is caused by the fact that the filter 
in accordance with the invention attenuates disturbances at wider frequency band 
than known protective structures inside microphone capsule. A further advantage of 
the invention is that the internal capacitance of the ESD protector does not form 

35 above mentioned problem in RF-immunity. On the contrary the internal capacitance 
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improves the RF-immunity, because it is a part of said filter. A further advantage of 
the invention is that the microphone in accordance with it may function as an ESD 
protector for other components outside the microphone capsule, typically for the 
input stage of the microphone amplifier. A further advantage of the invention is that 
5 the structure according to it is relatively low in production costs because it has 
several components less than known microphones with external protection circuitry, 
and all components needed can be mounted on the same circuit board inside 
microphone capsule. 

The invention will now be described more in detail. In the description, reference 
10 will be made to the accompanying drawings where 

Figure 1 shows an example of microphone circuit diagram according to the prior 
art, 

Figure 2 shows an example of microphone circuit diagram according to the 
invention, 

15 Figure 3 shows another example of microphone circuit diagram according to the 
invention, 

Figure 4 shows an example of layout of the circuit according to Figure 2, 
Figure 5 shows an example of ESD-protection arrangement, 

Figure 6 presents measured audio disturbance level at frequency range 0.15-80 
20 MHz for the microphone structure according to Figure 1, 

Figure 7 presents measured audio disturbance level at frequency range 0.15-80 
MHz for the microphone structure according to invention, 

Figure 8 presents measured audio disturbance level at frequency range 80-1000 
MHz for the microphone structure according to Figure 1, and 

25 Figure 9 presents measured audio disturbance level at frequency range 80-1000 
MHz for the microphone structure according to Figure 2. 

Figure 1 was already discussed in connection with the description of the prior art. 

Figure 2 presents an example of microphone circuit diagram according to the 
invention. It comprises a microphone capsule 200 containing an electret microphone 
30 M2 and in parallel with it a RF -protection a capacitor C21, as in Figure 1. Further 
the microphone capsule contains an ESD protector VDR2 and a resistor R21. The 
ESD protector is between the output contacts of microphone capsul and the resistor 
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R21 is in series with one output conductor between capacitor C21 and ESD 
protector VDR2. Said three components form then a El-structure. The capacitance 
of ESD protector is now exploited so that the II-structure functions as a filter 
having relatively wide rejection band. Outside the microphone capsul are now not 
5 needed any components. The circuit protects both the microphone M2 and the 
microphone amplifier 240. Then a separate protection circuit at the input of 
microphone amplifier is not needed, too. 

Figure 3 presents another example of microphone circuit diagram according to the 
invention. All parts presented are inside a microphone capsule 300. The circuit is a 

10 ladder structure, which includes in the direction from output contacts OC1 and OC2 
of the microphone capsule to the microphone M3 following parts: A parallel ESD- 
protector ZD, a series impedance Z, a parallel capacitor C33, a series resistor R31, 
two parallel capacitors C32 and C31, and a microphone M3 comprising a FET Q3. 
The said structure includes more loops than the structure in Figure 2, in which case 

15 there are wider possibilities to determine properties of the filter in question. The 
filter can have yet more loops than presented in Figure 3. 

The impedance Z may be mainly resistive or mainly inductive. In latter case it may 
be e.g. a coil or a ferrite bead. The ESD-protector is in this example a zener diode. It 
may be also another semiconductor or a polymer component. The polymer 
20 component means in this description and patent claims a component having small 
conductive pieces in plastics and controlled breakdown characteristics. 

In the example of Figure 3 the structure parts zenerdiode ZD, part Z, capacitor C33, 
resistor R31, capacitor C32 and capacitor C31 are integrated forming one 
component IC. Because of the loops of the circuit are very small and inside the 
25 conductive casing of the capsule they do not impair the susceptibility to RF- 
disturbances. 

Figure 4 presents an example of layout of the circuit according to the invention. In 
Figure is seen enlarged a circuit board 41, on which there are components 
connected in accordance with Figure 2. The reference characters, too, are same in 

30 Figures 4 and 2. Capacitor C21, resistor R21 and varistor VDR2 are chip 
components in this example. The circuit board 41 is placed inside the microphone 
capsule 200, an example of which is showed on different scale by the board 41 in 
Figure 4. Two output contacts OC1 and OC2 are enough in microphone capsule, 
because of the electret microphone needs, as known, no separate supply voltage. Of 

35 course into the capsule can be led a separate supply voltage, too. 
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Figure 5 presents an example of ESD-protector outside the microphone capsule. In 
Figure can be seen a microphone capsule 500 and first and second output contact 
OC1, OC2. Further the structure comprises an ESD-protector FTC fastened 
according to invention on the bottom of microphone capsule. The protector FTC 
5 (feed through component) is in this example a cylindrical piece having a hole with 
conductive surface in the direction of axis, and having conductive sheet which is 
galvanically connected to the casing of capsule. First output contact extends through 
said hole. Second output contact is galvanically connected to the casing of capsule. 

Figures 6-9 present results of tests, in which to the microphone circuit is supplied 
10 modulated high frequency signal. At the poles of microphone is measured, how 
strong disturbance occurs at frequency 1 kHz. In Figures is marked with horizontal 
line the boundary of hazardous disturbance (-35 dBpa). 

Figure 6 shows the result of known structure according to Figure 1. The measured 
audio level is presented as a function of high frequency at the range of 150 kHz — 80 
15 MHz. In Figure can be seen that the disturbing level stays below said boundary, but 
is quite near it at frequency 1,5 MHz. 

Figure 7 shows the result when the known microphone capsule is replaced with a 
microphone capsule according to the invention, Figure 2. The capacitance C2 is 10 
pF, the resistance R21 is 47 Q and the internal capacitance of varistor VDR2 is 360 
20 pF. In Figure can be seen that the disturbing level stays at whole measuring range 
very near the noise level about -58 dBpa. When the external components 
corresponding the circuit 1 10 in Figure 1 are removed, the result is essentially same 
as in Figure 7. The better protection is then wholly achieved by the Tl-type 
protection circuit inside microphone capsule. 

25 Figure 8 shows the result of known structure according to Figure 1. The measuring 
frequency range is now 80 MHz - 1GHz. In Figure can be seen that the disturbing 
level stays below said boundary, but is remarkable high at frequency bands about 
200 - 370 MHz and 470 - 520 MHz. 

Figure 9 shows the result when the known microphone capsule is replaced with a 
30 microphone capsule according to Figure 2 and external protection circuit 110 is 
removed. Also the protection circuit of microphone amplifier, as circuit 130 in 
Figure 1, there is not. In Figure can be seen that disturbances are distinctly 
attenuated at frequency band 200 - 520 MHz compared with Figure 8. At 
frequency band 80- 100 MHz the disturbing level has risen. 
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Above it is described the basic solution according to the invention and some 
variants thereof. The invention is not limited to the solutions described. E.g. the 
microphone may be also some other type as electret microphone. The protection 
circuit may comprise several ESD-protectors connected e.g. in a star. The inven- 
5 tional idea can be applied in different ways without departing from the scope 
defined by the independent claim 1 . 



